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有实验报道，在锗上获得了居里温度达到 285K 的铁磁性稀磁材料 MnxGe1-x。而后的理

























族、V 族和 III-V 族原子。同时考虑到 Si(001)表面不同的重构方式，即(2×1)和(2×2)两
种结构，分别进行了第一性原理计算。经过计算，我们得到了两种在 Г点具有直接带隙
的超晶格 Se/Si5/VI/Si5/Se 和 Se/Si6/VI/Si6/Se(VI=O,S,Se)，而且研究表明(2×2)结构的
Se/Si5/VI/Si5/Se 超晶格比(2×1)结构的超晶格 Se/Si6/VI/Si6/Se 具有更好的能带特性。而在
第四章中，我们用原子替位的方法在 Si(001)面上设计了一种新的超晶格 Si1-yXy/Si






Mn 的铁磁性 明显。而后讨论了在硅，锗不同的格点上掺入 Cr、Mn、Fe 的稀磁性质。
研究表明，Cr 掺杂的稀磁材料大多表现为反铁磁性；Mn 掺杂的硅基材料铁磁性满足长
程铁磁性与短程反铁磁性竞争理论，而锗基 Mn 掺杂稀磁材料的铁磁性更适合用 RKKY























As well known, silicon is the dominant material for microelectronics and the fabrication 
technology is quite mature. However, due to its indirect band-gap, the light emission can 
occur only when accompanied with an emission of phonons and it has been considered 
unsuitable as bulk material for optoelectronic applications. Using Si-based nanostructures, 
this problem can be solved partly as has been recently reported. In conventional electronic 
structure theory of solids, about the band-gap type, direct gap or indirect-gap under a given 
crystal structure, the answer is always provided after the electronic structure calculations. 
As a result, a great challenge to experimenters and theorists is that how to make or design an 
efficient Si-based light emission material using an advanced technology and physics 
principles.  
As one known, the band structure of solid depends on the crystal symmetry, this is a fact 
known for a long time. Based on a statistical analysis for the band gap type and crystal 
symmetry, we find that all of the semiconductors with Oh point group symmetry have an 
indirect gap property, whereas those of C6v symmetry have a direct gap, and the 
semiconductors with Td symmetry are laid between them. The results indicate clearly that 
the symmetry reduction (i.e., decreasing a group order) will be advantageous to develop a 
direct band-gap semiconductor. In order to reduce symmetry, there are two conventional 
methods can be provided to selection: one is the atomic substitute method, i.e., substitute 
other atoms for silicons in Si lattice. Another method is so-called the intercalation growth, 
in which the intercalation atoms are located on a same crystal plane in silicon lattice. With 
the consideration of the size of core states and the electro-negativity difference between the 
component atoms in solids, we design several kinds of Si-based superlattices (SLs). The 
results show that some of them are direct band-gap semiconductors. 















interest because of their potential application in the spintronics, in which the electron spin 
becomes another degree of freedom in addition to the usual charge degree of freedom. 
Ferromagnetism (FM) in the MnxGe1-x compound has been reported and the Curie 
temperature is up to 285K. Moreover, a recent calculation where both MnxGe1-x and 
MnxSi1-x were studied declared that it were possible to make room-temperature FM MnxSi1-x. 
However, the origin of the FM in IV semiconductors is still a matter of debate, and several 
different mechanisms, such as the competition between a long-range FM interaction and a 
short-range AFM interaction, mean field theory, Ruderman-Kittel-Kasuya-Yoshida (RKKY), 
have been proposed. In the dissertation, a similar study is extended to the different transition 
metals (TM). Comparison between these DMSs allows us to investigate variations of 
magnetic properties with a change of dopants and their site locations. The Curie temperature 
is also predicted by RKKY theory. 
This dissertation consists of two parts. The first part presents the calculation methods and 
its theoretical basis. We firstly introduce the density functional theory (DFT), including 
Hobenberg-Kohn theorem, Kohn-Sham equations, the approximations for exchange and 
correlations and GW approximation. And then, we describe the details of computational 
methods used in our work, i.e., the ab initio pseudopotential methods with the plane wave 
basis expansion of the wavefunction. We also present the major characters of the Vienna ab 
initio Simulation Packages (VASP). The second part which divided into three chapters 
presents the main results of the present dissertation. 
In the third chapter, ab initio pseudoptential method has been employed to investigate the 
electronic properties of Si-based SLs designed by the intercalation growth method, which 
consisted of one monolayer inserted atoms, such as group-VI, group-V or group III and V 
atoms, along the Si(001) direction periodically. The different surface reconstruction models, 
(i.e., (2x1) and (2x2)), were also discussed. The results show that the SLs Se/Si5/VI/Si5/Se 
and Se/Si6/VI/Si6/Se (VI=O,S,Se) have a direct band-gap at Г point. Furthermore, the band 
structure of Se/Si5/VI/Si5/Se with a (2x2) surface structure is better than that of 
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design of SLs Si1-yXy/Si (X=C,Ge,Sn,Ti,Zr; y=0.125,0.25,0.5) using the atomic substitute 
method. Our calculations reveal that the SLs Si1-ySny/Si (y=0.125) and Si1-yGey/Si 
(y=0.125,0.25) are the Г-point direct band-gap semiconductors. Based on the analysis of 
those SLs mentioned above, we draw some conclusions that the symmetry reduction, 
accompanied with a bigger core states of inserted atoms and less electronegativity difference 
between the component atoms, will be advantageous to develop a direct band-gap 
semiconductor. 
In the fifth chapter, the magnetic properties of TM-doped Si or Ge (TM=V,Cr,Mn,Fe,Co, 
Ni) has been studied. It is believed that the magnetic properties on Cr-, Mn- and Fe-doped 
DMSs is better, especially for Mn. Furthermore, we investigated the variations of magnetic 
properties on Cr-, Mn- and Fe-doped DMSs respectively, with a change of their site locations. 
The main results can be described as below. For the Cr-doped DMSs, the AFM order is 
energetically more favored than the FM order. For the Mn-doped Si DMSs can be explained 
by the competition between a long-range FM interaction and a short-range AFM interaction, 
and for the Mn-doped Ge DMSs are more like a RKKY FM semiconductors. For the 
Fe-doped DMSs, we found the higher Fe concentrations and larger lattice constants will 
enhance the ferromagnetism. 
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的事情。如果改用其他发光效率高的较宽能带材料（如具有直接带隙结构的 GaAs 等 III-V





























的进行 n 型和 p 型掺杂；此外要能与当前的硅基半导体技术相兼容。在 2002 年，居里温
度（Tc）达到了 285K 的铁磁性稀磁材料 MnxGe1-x 被报道后[5]，发展硅基稀磁材料就成





























Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
